We report here syntenic loci in humans and mice incorporating gene clusters coding for secreted proteins each comprising 10 cysteine residues. These conform to three-fingered protein/Ly-6/urokinase-type plasminogen activator receptor (uPAR) domains that shape three-fingered proteins (TFPs). The founding gene is PATE, expressed primarily in prostate and less in testis. We have identified additional human PATElike genes (PATE-M, PATE-DJ, and PATE-B) that co-localize with the PATE locus, code for novel secreted PATE-like proteins, and show selective expression in prostate and/or testis. 
A functional genomic approach has identified a gene, designated PATE, that codes for a secreted protein with preferential prostate and testis expression (1) . PATE protein includes 10 cysteine residues, with the C-terminal cysteine residue positioned within a cysteine-asparagine (CN) dipeptide sequence. The distribution of cysteine residues conforms to a consensus cysteine pattern found in a large family of three-fingered proteins (TFPs), 3 characterized by a distinct disulfide bonding pattern between 8 and 10 cysteine residues (2, 3) . This domain is additionally found in uPAR and murine Ly-6 GPI-anchored proteins, and is also called an Ly-6/uPAR domain (3) . Interestingly, the TFP architecture is seen also in the transforming growth factor-␤ receptor family of proteins, including BMP2 and activin receptors (4) .
A large protein family encompassing an extensive group of GPI-anchored, transmembrane, and secreted proteins contains this domain. The prototype-secreted protein members of this family include short chain snake and frog toxins, which in many cases bind with high affinity to neuronal receptors and block their activity (5) (6) (7) .
Until recently, the only recognized secreted mammalian TFP/Ly-6/uPAR proteins were SLURP-1 (secreted mammalian Ly-6/uPAR-related protein) (8) and SLURP-2 (9), which are located on human chromosome 8q24.3 within a cluster of Ly-6-like human genes that otherwise code for GPI-linked proteins. Consistent with the putative ligand function of some secreted TFP/Ly-6/uPAR proteins, SLURP-1 was recently identified as a neuromodulator of the ␣7 nicotinic receptor (␣7 nAChR), suggesting that it may regulate calcium homeostasis (10) . It is clear that members of the secreted TFP/Ly-6/uPAR protein family, to which the PATE protein belongs, interact with partner proteins that, in many cases, are membrane-tethered receptors.
The human PATE gene is telomerically juxtaposed to the gene encoding acrosomal vesicle protein 1 (ACRV1), also known as the SP10 gene (11) . Interestingly, the ACRV1 protein also contains 10 cysteine residues that conform to the TFP/Ly-6/uPAR domain, suggesting that the two genes ACRV1 and PATE may be part of a single chromosomal locus comprising TFP/Ly-6/uPAR genes.
In this study, we report the identification and expression patterns of three additional human PATE-like genes (PATE-M, PATE-DJ, and PATE-B) that co-localize with the ACRV1 and PATE genomic locus. These novel PATE-like genes code for secreted proteins containing the typical TFP/Ly-6/uPAR domain. Significantly, all show selective expression in prostate and/or testis. We have identified the orthologous murine Pate, Pate-M, Pate-DJ, and Pate-B genes that localize centromerically to the mouse Acrv1/sp10 gene. Remarkably, the mouse Pate-like genomic locus includes an additional nine transcriptionally active Pate-like genes, which all encode secreted TFP/ Ly-6/uPAR-domain-containing proteins, whereas in the human genome these mouse Pate-like genes are either inactive (two genes) or completely absent (the remaining seven genes). Selective expression of the mouse Pate-like genes in prostate, testis, placenta as well as specific effects of castration and subsequent testosterone administration on their expression in prostate all indicate that these genes function in both male-and female-related reproductive activities and are likely hormonally regulated. Furthermore, because of the sequence similarity between TFP/Ly-6/uPAR proteins that modulate activity of nicotinic acetylcholine receptors (nAChRs) and the PATE (Pate)-like proteins, we conducted experiments to see whether these proteins also possess comparable activity. These analyses showed that certain PATE (Pate)-like proteins modulate the activity of nAChRs. Taken together, our findings indicate that in addition to participation of the PATE (Pate)-like genes in functions related to fertility and reproduction, they are likely to function as important modulators of neural activity.
EXPERIMENTAL PROCEDURES
Materials and Antibodies-Unless otherwise specified, chemicals and reagents were obtained from Sigma. The anti-FLAG antibodies were affinity-purified rabbit polyclonal antibodies. Fresh ACh stock solutions were made daily in Ringer's solution and diluted.
RT-PCR Analyses of the Human and Mouse PATE (Pate)-like
Genes-Forward and reverse oligonucleotide primers were synthesized using the DNA sequences obtained from the PATE (Pate)-like sequences (see under "Bioinformatic Strategies for Identification of PATE (Pate)-like Genes"). RT-PCR analysis of the human PATE-like genes (and flanking genes) as well as the mouse Pate-like genes was performed with cDNAs obtained from different human or mouse tissues (Clontech) as indicated. Forward and reverse primers were chosen such that they always spanned an intron, and the observed RT-PCR product at all times corresponded to the size expected of a spliced mRNA.
Sequencing of PATE (Pate)-like cDNAs-All human PATElike cDNAs were either directly sequenced from gel-purified RT-PCR DNAs or alternatively the gel-purified cDNAs were cloned into TOPO4 (Invitrogen) plasmids and then sequenced. For the mouse Pate-like cDNAs, RT-PCR generated DNAs were gel-purified and directly sequenced.
Bioinformatic Strategies for Identification of PATE (Pate)-like Genes-The sequence homology among the TFP family of proteins is generally low except for the common pattern of cysteines in the sequence, and an initial attempt to identify PATElike genes by using conventional protein homolog search programs such as BLAST or BLAT was not successful. However, a careful inspection of protein sequences and exon structures of initially identified PATE and PATE-like genes enabled us to devise a method to detect PATE-like genes in the genomic sequences. We developed two protein sequence patterns, P1 and P2, to represent C1-C5 and C6 -C10N patterns, respectively, found in PATE-like proteins. The two patterns are "CX(2)CX(5,10)CX (3, 8) CX(4,9)C" for P1 and "CX(2,4)CX (11, 20) CCX(2,7)C" for P2, where X(n,m) denotes a stretch of any amino acids ranging in length from n to m. The patterns were reverse-translated and transformed to Perl regular expressions. We searched the genomic locus bounded by PKNOX2 and CDON genes in the human genome (May 2004 freeze) and orthologous loci in the mouse genome (May 2004 freeze), in the rat genome (June 2003 freeze), and in the dog genome (July 2004 freeze). Two exons bearing P1 and P2, respectively, were separately searched. Then, closely (less than 10 kb) located P1 and P2 pairs were joined to form single genes. In human and mouse, the precise exon boundaries were predicted by manually inspecting all possible intron-exon boundaries for those that will maintain the open reading frame and the experimentally determined protein sequence. The corresponding signal peptide-bearing exon was located in the 5Ј-flanking region of each gene. The putative gene structure was verified by expressed sequence tag search, by comparing each gene with a respective ortholog in human or mouse, or experimentally by RT-PCR, cloning, and sequencing. Possible orthologous relationships among PATE-like genes from human, mouse, rat, and dog were inferred by a phylogenetic analysis using MEGA3 program (12) based on a multiple sequence alignment of P1 and P2 sequences obtained by using T-Coffee program (13) .
Generation of Eucaryotic Expression Constructs and Fusion Proteins-Cloning was conducted with the eucaryotic expression vector pCMV3 (Sigma) via selected restriction sites. This vector codes for the preprotrypsin signal peptide followed by sequences coding for the FLAG epitope. DNA coding for the human Fc fragment (hFc) was inserted 3Ј to the FLAG epitope. A cleavage site for the highly specific tomato etch virus (TEV) protease was also introduced between the C terminus of the Pate-like proteins and the hFc segment. cDNA fragments encoding the Pate-like proteins were subcloned in-frame into the pCMV3 (5ЈFLAG-hFc3Ј) vector to render pCMV3 as 5ЈFLAG-Pate-like-TEV-hFc3Ј.
Generation of HEK293 Transfectants Expressing FLAG-Pate-TEV-hFc Proteins-HEK293 (human kidney) cells were transiently transfected with the eucaryotic pCMV3 expression vectors (6 g of DNA/25-cm 2 flask) coding for the FLAG-(Patelike)-TEV-hFc fusion proteins. The secreted C-terminally hFc tagged FLAG-Pate-like-TEV-hFc proteins contained in the conditioned media (CM) were collected on protein A-Sepharose 4 Fast Flow resin (Amersham Biosciences), and the N-terminal Pate-like proteins were released by incubating the protein A beads with TEV protease.
Preparation of RNA-Human nAChR clones were obtained from Dr. Jon Lindstrom. After linearization and purification of cloned cDNAs, RNA transcripts were prepared in vitro using the appropriate mMessage mMachine kit from Ambion Inc. (Austin, TX).
Expression in Xenopus Oocytes-Mature (Ͼ9 cm) female Xenopus laevis African toads (Nasco, Ft. Atkinson, WI) were used as a source of oocytes. Prior to surgery, frogs were anesthetized by placing the animal in a 1.5 g/liter solution of MS222 (3-aminobenzoic acid ethyl ester; Sigma) for 30 min. Oocytes were removed from an incision made in the abdomen.
To remove the follicular cell layer, harvested oocytes were treated with 1.25 mg/ml collagenase (Worthington) for 2 h at room temperature in calcium-free Barth's solution (88 mM NaCl, 1 mM KCl, 2.38 mM NaHCO 3 , 0.82 mM MgSO 4 , 15 mM HEPES (pH 7.6), 0.1 mg/ml gentamicin sulfate). Subsequently, stage 5 oocytes were isolated and injected with 50 nl (5-20 ng) each of the appropriate subunit cRNAs. Recordings were made 3-5 days after injection.
Electrophysiology-Experiments were conducted using OpusXpress 6000A (Axon Instruments, Union City, CA) as reported previously (14) . OpusXpress is an integrated system that provides automated impalement and voltage clamp of up to eight oocytes in parallel. Cells were automatically perfused with bath solution, and agonist solutions were delivered from a 96-well plate. Both the voltage and current electrodes were filled with 3 M KCl. The agonist solutions were applied via disposable tips, which eliminated any possibility of cross-contamination. Cells were voltage-clamped at a holding potential of Ϫ60 mV. Data were collected at 50 Hz and filtered at 20 Hz. ACh applications were 8 s with 241-s wash periods. SDS-PAGE-SDS-polyacrylamide gel for protein separation was performed as described previously (16) , and blots were reacted with polyclonal rabbit anti-FLAG primary antibody. For glycosidase treatment, protein A-purified proteins were incubated with 1 unit of PNGase F (New England Biolabs).
RESULTS
Identification of a Human PATE-like Gene Cluster-The PATE gene codes for a small, cysteine-rich protein selectively expressed in human male reproductive tissues, including prostate, testis, epididymis, and seminal vesicle (1, 17) . Patternsearch techniques (see "Experimental Procedures") revealed three additional PATE-like genes, designated PATE-B, PATE-M, and PATE-DJ, which localized to the same 11q24 genomic locus as the PATE gene (Fig. 1 ). Expression analyses of these genes by RT-PCR in 17 different human tissues demonstrated selective expression in prostatic and/or testicular tissue with negligible expression in all other tissues (Fig. 2) . The PATE-B gene was expressed primarily in prostate with lesser expression in testis, whereas the PATE-M and PATE-DJ genes showed a reverse pattern of expression (Fig. 2) . RT-PCR analyses of all known genes within a stretch of 700 kbp comprising the human PATE-like genes demonstrated that the non-PATElike genes did not show preferential expression in reproductive tissues (Fig. 2) . Consistent with previously published data, ACRV1 (acrosomal vesicle protein 1 gene also known as SP10) demonstrated multiple splice isoforms, expressed primarily in testicular tissue (11) .
Sequencing full-length cDNAs showed that the human PATE-like genes code for similar proteins that all include a putative N-terminal signal peptide (see below) and 10 conserved cysteine residues ( Table 1) . Comparison of genomic and cDNA sequences showed that in all PATE-like proteins the N-terminal signal peptide is encoded by the first exon (exon 1), whereas protein domains containing cysteines 1-5 and cysteines 6 -10 are encoded by two separate 3Ј exons (exons 2 and 3, respectively, shown in Fig. 3 ). For PATE and PATE-M genes, 1-2 additional exons, designated 1a and 1b, are present between exons 1 and 2 and code for a small number of amino acids. The upstream ACRV1 gene shows a similar exon structure to the PATE-like genes.
All splice events in the PATE-like genes use a ϩ1 phase (Fig.  3) ; thus alternative splicing involving exon skipping will not alter downstream reading frames. Interestingly, PATE-B and PATE-M generate two splice isoforms (Fig. 2) . Cloning and sequencing of the smaller transcripts confirmed that they derive from exon 2 skipping. Both isoforms include the putative N-terminal signal peptide, but although the larger transcript codes for proteins comprising all 10 cysteine residues, the smaller transcript codes only for cysteines 6 -10.
Prediction of Signal Peptides at the N Terminus of All Human PATE-like Genes-As expected of signal peptide sequences, analysis of all human PATE-like genes reveals clustering of hydrophobic amino acid residues just distal to the initiating methionine (Table 1) . Analysis by the SignalP (signal peptide prediction) algorithm predicts with very high probability a signal peptide and accompanying cleavage site for each PATE-like protein (Table 1) . That this N-terminal region is in fact a signal peptide directing protein for secretion has been functionally demonstrated for PATE (17) and ACRV1 (SP10) (18) , and it is very likely that these regions serve the same function in the PATE-B, PATE-DJ, and PATE-M proteins. By transfecting human HEK293 cells with cDNA coding for the native PATE-B protein and analyzing spent culture medium for the presence of PATE-B protein, we have experimentally confirmed (data not shown) that the native PATE-B protein is indeed secreted from the cell. (Fig. 4) . This demonstrated exclusive expression, albeit at low levels, of PATE-B and PATE-DJ in prostate and testis, respectively, confirming the RT-PCR analyses; no other tissues expressed these genes.
Northern Blot Analysis of PATE-B and PATE-M ExpressionTo extend and confirm the RT-PCR analyses, Northern blot analyses of PATE-B and PATE-DJ were performed
Additional Vestigial Inactive PATE-like Genes in the Human PATE-like Gene Cluster-Searches for additional human PATE-like genes within the human gene cluster revealed two potential PATE-like genes, designated PATE-A and PATE-C (Fig. 1) . Extensive RT-PCR analyses using a number of forward and reverse primers based on these genomic sequences failed, in all tissues examined, to reveal expression of these genes. (Fig. 1B) RT-PCR analysis of the human PATE-like genes and flanking genes was performed with cDNAs obtained from the indicated human tissues. Forward and reverse primers were chosen such that they always spanned an intron, and the observed RT-PCR product at all times corresponded to the size expected of a spliced mRNA. For the ACRV1, PATE, PATE-M, PATE-DJ, and PATE-B genes, the forward and reverse primers were located in the first and third exons (coding for the signal peptide and cysteines 6 -10, respectively). PCR was performed for 35 cycles. Note that PIG8 (p53 induced gene 8) is ubiquitously expressed in all tissues, serving as a convenient internal control for cDNA integrity.
Identification of 14 Active Mouse Pate-like Genes within the Mouse Genome Syntenic to the Human PATE-like Genomic
between the mouse Acrv1 and Pate-A genes. Analysis of this segment revealed several additional Pate-like genes ( Fig. 1 and Table 1 ). The expected human equivalent to the 0.8-Mbp mouse fragment was completely absent.
All mouse Pate-like genes code for putative Pate-like proteins comprising a hydrophobic N-terminal signal peptide (Table 1) . RT-PCR analyses ( Table 1 ). We do not know why the syntenic mouse locus harbors so many more active Pate-like genes as compared with the human genome, but this does suggest a significantly more complex role for the Pate-like proteins in rodents.
Constituent Pate-like genes could be segregated according to their tissue expression profiles (Fig. 5) . Genes Pate-E, Pate-A, and Pate were predominantly expressed in both prostate and testis, whereas Pate-C and Pate-H expression was limited to prostatic tissue. Pate-N, Pate-F, and Pate-DJ showed almost exclusive expression in testis. Pate-G, Pate-B, and Pate-M all showed major expression in either prostate or testis but, in addition, showed significant expression levels in skeletal muscle (Pate-G), eye, kidney, skeletal muscle (Pate-B), and brain and lung (Pate-M). Several mouse Pate-like pseudogenes were scattered among the active mouse Pate-like genes (Fig. 1) .
Expression in Placental Tissue of Two Mouse Pate-like GenesTwo murine Pate-like genes, Pate-P and Pate-Q, were expressed exclusively in the female-restricted organ, mouse placenta (Fig. 5) . Notably, these genes (a) are genomically adjacent to each other (Fig. 1) , (b) code for highly similar proteins (Table 1) , and (c) both include an 11th cysteine residue in addition to the consensus Pate-like 10 cysteine residues. Supporting placental expression reported here is a trophoblast cDNA library EST (BQ032923) representing a partial Pate-Q sequence.
Castration Pate-E (Fig. 6, DP) . Dorsal lobe expression remained high, irrespective of castration and subsequent DHT administration (data not shown). In contrast, the Pate-B and Pate-E genes were not expressed in the uncastrated ventral lobe (Fig. 6, lane 9) . Following castration, however, both Pate-B and Pate-E were clearly expressed in the ventral lobe (Fig. 6, lanes 1-4) . DHT administration subsequent to castration ablated this expression (Fig. 6, lanes 5-8) . The DHT-mediated suppression of castration-induced ventral lobe expression occurred swiftly (Fig. 6,  lane 5) ; 0.2 h of DHT administration completely extinguished Pate-E expression and led to the partial suppression of Pate-B expression that was complete following 24 h of DHT treatment. In contrast to the differential dorsal and ventral lobe expression of Pate-B and Pate-E, the Pate-H gene demonstrated high expression in both ventral and dorsal lobes (Fig. 6, lanes 9 and  10, respectively) . Neither castration nor subsequent DHT treat- A.
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FIGURE 4.
Northern blot analyses of PATE-B and PATE/DJ expression. PATE-B, PATE/DJ, and actin cDNAs were radioactively ( 32 P) labeled and each used to sequentially probe, under stringent wash conditions, a Northern blot (Clontech) of total RNA derived from the indicated human tissues. The blot was stripped between sequential probing. Expression of PATE-B and PATE/DJ mRNAs is clearly visible in prostatic and testicular tissues (lanes 8 and 9, respectively); no signal was seen in any other tissues examined. Forward and reverse primers were chosen such that they always spanned an intron, and all RT-PCR products corresponded to the sizes expected of spliced mRNA. Results presented here used forward and reverse primers located in the second and third exons (coding for cysteines 1-5 and cysteines 6 -10, respectively); similar results were obtained when the analysis was repeated with forward and reverse primers located in the first and third exons (data not shown). PCR was performed for 35 cycles, and the PCR products were analyzed as described under "Experimental Procedures." The ubiquitously expressed mouse glyceraldehyde-3-phosphate dehydrogenase (mG3PDH) served as a control for cDNA integrity. ment altered this expression (Fig. 6, lanes 1-8) . In fact, the universal expression of the Pate-H gene served as a convenient internal control for integrity of prostate cDNAs as did the housekeeping L19 gene (Fig. 6, lanes 1-10) .
The PATE-B Protein Localizes to the Acrosomal Region of Human Sperm and Is Expressed in Discrete Normal and Malignant Epithelial Prostate Cells-
The discovery of clusters of human and mouse PATE (Pate)-like genes expressed in reproductive tissues suggested involvement in functions related to reproductive activities. To further understand their function, we generated antibodies directed against the human PATE-B protein. With these anti-PATE-B reagents we investigated the following: (a) whether the PATE-B protein localizes to sperm cells and (b) whether the PATE-B protein product can be detected in normal and/or malignant prostate tissue.
Incubation with anti-PATE-B antibodies demonstrated intense staining of sperm cells primarily in the acrosomal region (Fig. 7, panel 1) . Specificity of staining was confirmed by use of preimmune serum (Fig. 7, panel B1 , no staining) addition to the anti-PATE-B antibodies of either a nonspecific protein or competing PATE-B protein (staining retained and absence of staining, Fig. 7, panels C and D, respectively) .
To investigate PATE-B protein expression in the prostate, we performed immunohistochemical analyses of prostatic tissue sections (Fig. 8) . Analyzed samples include both normal ducts as well as clusters of malignant epithelial cells that had spread into prostate stroma. Substantial anti-PATE-B immunoreactivity localized in the normal ducts to the cytoplasm of apical epithelial cells (Fig. 8A) . Surprisingly, only a discrete subpopulation of apical epithelial cells demonstrated the PATE-B protein (Fig. 8A) . Furthermore, PATE-B staining was granular, and the select anti-PATE-B positive cells included distinctive dendritic-like projections.
Malignant epithelial cells forming cell clusters in the prostatic stroma (Fig. 8B) showed a more intense PATE-B immunoreactivity as compared with that seen in the normal, apical epithelial cells (compare Fig. 8, A and B) . As in the case of normal prostatic epithelial cells, only a discrete subpopulation of malignant cells demonstrated PATE-B expression (Fig. 8B) . Specificity of staining was confirmed by use of preimmune serum and addition of competing specific PATE-B protein, in both of these controls no staining was observed, as expected (data not shown). (Fig. 9) Mice were castrated and 14 days later injected (subcutaneously) at time 0, 24, and 48 h either with oil or with DHT dissolved in the oil. Mice were sacrificed 12 min and 24, 48, and 72 h, respectively, and the ventral and dorsal prostate lobes were isolated, followed by RNA isolation and cDNA preparation. RT-PCR analyses were performed using forward and reverse primers located in the first and third exons. PCR was performed for 35 cycles, and the PCR products were analyzed as described under "Experimental Procedures." The ubiquitously expressed mouse L19 gene served as a control for cDNA integrity. unx, uncastrated. teins in mammalian cells and to investigate whether these proteins undergo post-translational modifications, we expressed mouse Pate, Pate-C, and Pate-P proteins in a mammalian cell expression system. Immunoblot analyses revealed (Fig. 10 ) that whereas Pate-P protein migrated with its expected mobility (Fig. 10A, lane 2) , the Pate and Pate-C proteins each displayed two bands (Fig. 10A, lanes 1 and 3, respectively) . Treatment with PNGase F, resulted in increased mobility of the Pate and Pate-C proteins (Fig. 10B , compare 1st and 2nd, and 3rd and 4th lanes, respectively), demonstrating that both these proteins are modified with N-linked sugars. The Pate protein showed a single consensus N-glycosylation site, NCT, whereas Pate-C harbors an NSC sequence, an alternative N-linked glycosylation site (22) . Human PATE (Pate)-like Proteins Modulate Activity of nAChRs-Having established expression of the PATE (Pate)-like genes and their hormonal regulation in reproductive tissues, having identified the homologous clusters of human, mouse, rat, and dog genes, and following the successful synthesis of the PATE (Pate)-like proteins in mammalian cells, we wished to understand what functions they may perform. The striking similarity in molecular makeup between snake toxins that bind to and modulate the activity of nAChRs, the recently discovered mammalian TFP/Ly-6/uPAR-like proteins SLURP1, SLURP2 (23), and Lynx1 all experimentally shown to modulate nAChR activity and the PATE (Pate)-like proteins prompted us to investigate whether these latter proteins possess similar activities. To test for this, we expressed various nAChRs using the Xenopus oocyte cell expression system, and we assessed evoked changes in channel activation that occur in response to application of the recombinant PATE (Pate)-like proteins. In this study we evaluated measurement of net charge accumulation over the entire period of drug administration. This analysis produces results essentially identical to those obtained by more complicated concentration-correction methods. The net charge is a particularly attractive parameter (15) as it represents the time integration of all activated channels responding to drug administration. This analysis (Fig. 11) showed that application of mouse Pate (mPate) to both ␣4␤2 and ␣7 nAChRs or human PATE-B (hPATE-B) to the ␣4␤2 nAChR did not evoke any changes in net charge, based on pairwise t tests of control ACh-evoked responses recorded prior to PATE application to those responses evoked by the application of ACh in the continued presence of the PATE. In contrast, an increase in the net charge was measured after application of hPATE-B to the ␣7 nAChR, a change that was statistically significant (p Ͻ 0.05, based on pairwise t test analysis of responses obtained from the same cells in the absence and presence of hPATE-B) and persisted even after a 4-min wash (Fig. 11) . Additionally, mPate-C increased the net charge when applied to human ␣7 nAChRs, a statistically significant change (p Ͻ 0.05 based on pairwise t tests) that also persisted after a 4-min wash (Fig. 11) . Interestingly, the mPate-P protein did not elicit any changes when applied to the human ␣7 nAChRs but did evoke a statistically significant decrease in net charge when added to the ␣4␤2 nAChR (p Ͻ 0.05 based on pairwise t tests), a change also persisting after a 4-min wash (Fig. 11) . In summary, of the four recombinant PATE (Pate)-like proteins we synthesized and assayed, three (hPATE-B, mPate-C, and mPate-P) showed modulatory activity of the nAChRs.
Presence in Rat and Dog Genomes of Pate-like Genes-Inves-
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Expression of PATE (Pate)-like Proteins in
Neuron-rich Tissues-As shown above certain PATE (Pate)-like proteins clearly modulate the activity of nicotinic AChRs. This matches well with the similarity between the PATE-like protein family and the nAChR neuromodulators, the secreted, mammalian TFP/Ly-6/uPAR SLURP1 and SLURP2 proteins. Functioning as neuromodulators, one would expect that neuron-rich tissues should also express PATE (Pate)-like genes. Consistent with this, analyses of mouse Pate-like gene expression indeed show that mouse Pate-B, in addition to its extensive expression in prostate tissue, is strongly expressed in the eye and skeletal muscle both heavily innervated tissues (Fig. 5) . Additionally, besides its expression in prostate and testis, mPate-M is extensively expressed in brain (Fig.  5 ). Viewed in this context, it was surprising to note the lack of human PATE-like gene expression in neuron-rich tissues, such as brain. This could be due to the following: (a) low expression levels in brain requiring increased sensitivity for detection, and/or (b) expression only in discrete regions of the brain such that specific PATE-like cDNAs are diluted out in total brain cDNAs, proscribing their detection. To test these options and to enhance sensitivity, we repeated the RT-PCR analyses with an increased number of PCR cycles (40 instead of 35). This clearly showed low levels of PATE-M expression in the brain (data not shown). A subsequent analysis of cDNA prepared not from total brain but from different individual regions of brain unambiguously resolved this issue (Fig. 12) . Whereas PATE and PATE-DJ were not expressed in any of the tested regions, PATE-B was expressed in spinal cord tissue. Particularly striking was the extensive expression of PATE-M. This was seen in the cerebellum, cerebral cortex, corpus callosum, occipital, parietal and temporal lobes, and pons (Fig. 12, lanes 2, 3, 5, 9 , 10, 13, and 11, respectively). Lesser expression levels were observed in the frontal lobe and medulla oblongata with low levels in the spinal cord (Fig. 12, lanes 6, 8, and 12) . PATE-M was not expressed in the amygdala, cerebral peduncle, hippocampus, and thalamus (Fig.  12, lanes 1, 4, 7, and 12) . Remarkably, PATE-M expression in the various central nervous system locations was exclusively restricted to the exon 2-deleted PATE-M isoform. This stands in contrast to the predominant expression of the exons 1, 2, and 3 isoform in the testis (Fig. 12B, panel I , lower panel, compare lanes labeled testis and cerebral cortex). Brain samples derived from female donors also clearly expressed PATE-M (Fig. 12A,  lanes 8 and 11) , indicating that its expression in neuronal tissues is not gender-specific.
A semi-quantitative analysis comparing testis with cerebral cortex showed comparable levels of PATE-M expression in both tissues (Fig. 12B) . This is significant because it means that the level of PATE-M expression in the cerebral cortex is at least equivalent to that seen in testis which, of all non-central nervous system tissues examined (Fig. 2) is by far the highest PATE-M expressing tissue.
DISCUSSION
We report here syntenic human and mouse genomic loci that contain clusters of genes coding for secreted proteins each comprising a typical TFP/Ly-6/uPAR domain. Their unique expression patterns both in humans and mice provide compelling evidence for critical roles of the PATE (Pate)-like proteins in activities related not only to fertility and reproduction but also to neuronal activity.
The mouse and human PATE (Pate)-like genes all code for proteins that harbor N-terminal sequences conforming to signal peptides that direct protein for secretion. This is consistent with the functionally demonstrated secretion of ACRV1 (SP10) (18) , PATE (17) , and Pate-B (svs7, caltrin (19) ). No other hydrophobic regions corresponding either to transmembrane domains or to signals for addition of GPI tails are present in the PATE (Pate)-like proteins.
Similar to the PATE-like gene locus, a cluster of human Ly-6 orthologous genes resides on chromosome 8q24, and each of these genes codes for a protein that includes the distinctive 10-cysteine pattern seen in the PATE (Pate)-like proteins. With the exception of the secreted proteins SLURP-1 (8) and SLURP-2 (9), this 8q24 locus codes only for GPI-linked, membrane-tethered proteins. In contrast, all active genes residing in both the human (11q24) and mouse (9qA4) PATE (Pate)-like loci described here, code exclusively for secreted TFP/Ly-6/ uPAR proteins. They are thus similar to the secreted SLURP-1 and SLURP-2 proteins and to the extensive group of secreted snake and frog toxins bearing the TFP/Ly-6/uPAR domain.
As such, the PATE (Pate)-like proteins are likely to be signaling molecules that bind to target cells, thereby modulating their activity. Indeed, SLURP-1 and SLURP-2, both secreted TFP/ Ly-6/uPAR-like proteins similar in structure to the PATE-(Pate)-like proteins, bind to and modulate the activity of nicotinic acetylcholine receptors (10, 23) 
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FIGURE 12. Expression of human PATE-like genes in different regions of the brain. A, upper panel, cDNAs prepared from different individual regions of the brain as indicated, were subjected to RT-PCR analyses. Expression analysis of the human PATE-like genes was performed with forward and reverse primers that always spanned an intron and the observed RT-PCR product at all times corresponded to the size expected of a spliced mRNA. For the ACRV1, PATE, PATE-M, PATE-DJ, and PATE-B genes, the forward and reverse primers were located in the first and third exons (coding for the signal peptide and cysteines 6 -10, respectively). In addition, cDNAs derived from testes and prostate on the one hand and liver and placenta on the other hand were also analyzed for expression of the PATE-like genes and served as positive and negative controls, respectively. PCR was performed for 35 cycles. Control for cDNA integrity was provided by the actin primers, as indicated, and expression analysis of the brain neuropeptide NPY served as a positive control for expression of a brain neuropeptide in specific regions of the brain. B, panel I, to assess the relative PATE-M expression levels in testis and cerebral cortex, a semiquantitative RT-PCR analysis was performed wherein samples were taken following 30, 33, 36, and 39 PCR cycles and subjected to agarose gel analysis. The fact that there are two differently sized PATE-M isoforms, each possessing a distinct duplex melting temperature, precluded real time PCR analysis for this gene. Panel II, to assess the generality of PATE-M gene expression in the brain, cDNA samples deriving from cerebral cortex and temporal lobe isolated from different individuals (i and ii) were subjected to PATE-M RT-PCR analysis. cDNAs prepared from testis (tes) and cerebral peduncle (c.p.) served as positive and negative controls, respectively.
likely exists as a homomer in the posterior post-acrosomal and neck regions of sperm (29, 30) . Furthermore, the human acrosome reaction initiated by acetylcholine or recombinant egg zona pellucida protein ZP3 involves the ␣7 nAChR (31, 32) , and it has been proposed that the sperm nAChRs may be key regulators of signaling pathways important to the acrosome reaction and sperm motility (29, 33) . This nAChR commonality in both sperm and neurons has even led to the classification of a sperm cell as "a neuron with a tail" (34) . Although provocative, this definition does attest to the unequivocal participation of what was previously thought to be neuron-specific receptors and ligands in the functioning of cells pertaining to the reproductive system. This common functionality of nAChRs in both reproductive and neuronal tissues thus reconciles the neuromodulatory activity of the PATE (Pate)-like proteins and rationalizes their expression in both neuronal and reproductive tissues. In summary, we have identified a new family of secreted TFP/ Ly-6/uPAR domain-containing proteins, designated the PATE (Pate)-like proteins, that likely play important roles in reproductive and neuronal physiology. Further clarification of their normal functions will likely contribute to new therapeutics for pathologies of both the central nervous system and the reproductive system.
